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(57) ABSTRACT 

The present invention relates to a polymer poWder Which 
comprises polyamide, and to the use of this poWder for shap 
ing processes, and also to moldings produced from this poly 
mer poWder. The shaping processes are layer-by-layer pro 
cesses Which use poWders, Where regions of the respective 
layer are selectively melted via introduction of electromag 
netic energy. The selectivity mayiWith no intention of 
restricting the invention theretoibe achieved via masks, 
application of inhibitors, of absorbers, or of susceptors, or via 
focusing of the energy introduced. After cooling, the regions 
then solidi?ed can be removed in the form of moldings from 
the poWder bed. 
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POLYMER POWDER COMPRISING 
POLYAMIDE USE THEREOF IN A 

MOULDING METHOD AND MOULDED 
BODY MADE FROM SAID POLYMER 

POWDER 

The rapid production of prototypes is a task often required 
in very recent times. Particularly suitable processes are those 
Who se operation is based on pulverulent materials, and Which 
produce the desired structures layer-by-layer via selective 
melting and hardening. Support structures for overhangs and 
undercuts can be omitted here, because the poWder bed sur 
rounding the molten regions provides adequate support. Nor 
is there any need for subsequent operations to remove sup 
ports. These processes are also suitable for short-run produc 
tion. 

The invention relates to a polymer poWder based on an 
XY-type polyamide, preferably an XY-type polyamide pre 
pared via polycondensation of diamines With dicarboxylic 
acids, to the use of this poWder in shaping processes, and also 
to moldings produced via a layer-by-layer process Which 
selectively melts regions of a pulverulent layer, using this 
poWder. After cooling and hardening of the regions previ 
ously subjected to layer-by-layer melting, the molding can be 
removed from the poWder bed. 
By Way of example, the selectivity of the layer-by-layer 

process may be achieved by Way of susceptors, absorbers, 
inhibitors, or masks, or by Way of focused introduction of 
energy, for example via a laser beam or by Way of glass ?bers. 
The introduction of energy is achieved by Way of electromag 
netic radiation. 

Descriptions are given beloW of some processes Which can 
produce inventive moldings from the inventive poWder, but 
there is no intention to restrict the invention thereto. 
One process With particularly good suitability for rapid 

prototyping purposes is selective laser sintering. This process 
selectively and brie?y irradiates plastics poWders in a cham 
ber With a laser beam, the result being that the poWder par 
ticles impacted by the laser beam melt. The molten particles 
coalesce and rapidly solidify again to give a solid mass. This 
process can produce three-dimensional bodies simply and 
rapidly via repeated irradiation of a succession of freshly 
applied layers. 

The patent speci?cations US. Pat. No. 6,136,948 and WO 
96/06881 (both DTM Corporation) give a detailed descrip 
tion of the laser-sintering (rapid prototyping) process for 
producing moldings from pulverulent polymers. A Wide vari 
ety of polymers and copolymers is claimed for this applica 
tion, e. g. polyacetate, polypropylene, polyethylene, iono 
mers, and polyamide. 

Other processes With good suitability are the SIB process 
described in WO 01/38061, or a process described in EP 1 015 
214. Both processes operate With full-surface infrared heating 
to melt the poWder. The selectivity of melting is achieved in 
the ?rst process via the application of an inhibitor, and in the 
second process via a mask. DE 103 11 438 describes another 
process. In this, the energy needed for the melting process is 
introduced via a microWave generator, and the selectivity is 
achieved via application of a susceptor. 

For the rapid prototyping or rapid manufacturing processes 
(RP or RM processes) mentioned use may be made of pul 
verulent substrates, in particular polymers, preferably 
selected from polyester, polyvinyl chloride, polyacetal, 
polypropylene, polyethylene, polystyrene, polycarbonate, 
poly(N-methylmethacrylimides) (PMMI), polymethyl meth 
acrylate (PMMA), ionomer, polyamide, or a mixture of these. 
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2 
WO 95/11006 describes a polymer poWder suitable for 

laser sintering and shoWing no overlap of the melting and 
recrystallization peak during determination of melting behav 
ior via differential scanning calorimetry at a scanning rate of 
10-20° C./min, and having a degree of crystallinity of 
10-90%, likeWise determined via DSC, and having a number 
average molecular Weight Mn of from 30 000 to 500 000 and 
an MW/Mn quotient in the range from 1 to 5. 
DE 197 47 309 describes the use ofa nylon-12 poWderWith 

an elevated melting peak and an increased enthalpy of fusion, 
obtained via reprecipitation of a polyamide previously pre 
pared via ring-opening and subsequent polycondensation of 
laurolactam. This is an X-type polyamide. 
A disadvantage of processing by means of one of the shap 

ing processes described above is that, in order to avoid What 
is knoWn as curl, the temperature in the construction chamber 
has to be kept With maximum uniformity to a level just beloW 
the melting point of the polymeric material. Curl means dis 
tortion of the previously molten region, causing at least some 
protrusion from the plane of construction. Associated With 
this is the risk that When the next pulverulent layer is applied 
the protruding regions may be shifted or even entirely broken 
aWay. The consequence of this in relation to the process is that 
the overall construction space temperature has to be kept at a 
relatively high level. For sharp separation of the regions into 
Which the electromagnetic energy has been introduced from 
those not intended for melting, maximum enthalpy of fusion 
is desirable, giving a sharp DSC (differential scanning calo 
rimetry to DIN 53765) peak. Conduction of heat and radiation 
of heat from the molten region, Which of course cannot be 
prevented, also brings about relatively severe deviation of the 
molding from the intended contours. Maximum enthalpy of 
fusion of the poWder inhibits sintering of the poWder bed onto 
the molten region. 

It Was therefore an object of the present invention to pro 
vide a polymer poWder Which permits the production of 
moldings With maximum surface quality and maximum 
dimensional accuracy. The process here is a layer-by-layer 
process in Which regions of the respective pulverulent layer 
are selectively melted by means of electromagnetic energy 
and, after cooling, have become bonded to give the desired 
molding. 

Surprisingly, it has been found, as claimed in the claims, 
that the use of speci?c polyamides can, via precipitative crys 
tallization, prepare polymer poWders from Which it is pos 
sible, via a layer-by-layer process in Which regions of the 
respective pulverulent layer are selectively melted, to pro 
duce moldings Which have advantages in terms of surface 
quality and dimensional accuracy, While their processing 
properties and mechanical properties are as good as those 
obtained from a polymer poWder of the prior art, for example 
as in DE 197 47 309. 
The present invention therefore provides a polymer poWder 

for processing in a layer-by-layer process in Which regions of 
the respective layer are selectively melted, Which comprises 
at least one XY-type polyamide prepared from the polycon 
densation of diamines and dicarboxylic acids, preferably an 
XY-type polyamide from the group of PA6 1 0, PA612, PA613, 
PA1010, PA1012, PA1212. It is particularly preferable to use 
an XY-type polyamide Which is PA1010, PA1012, or 
PA1212. The inventive polymer poWder has an enthalpy of 
fusion determined by means of DSC of at least 125 J/ g and a 
recrystallization temperature of at least 1480 C., preferably an 
enthalpy of fusion of at least 130 J/ g and a recrystallization 
temperature of at least 1500 C., and particularly preferably an 
enthalpy of fusion of at least 130 J/ g and a recrystallization 
temperature of at least 1550 C. 
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The present invention also provides moldings produced via 
a layer-by-layer process Which selectively melts regions of 
the respective layer, Which comprise at least one XY-type 
polyamide prepared from the polycondensation of diamines 
and dicarboxylic acids, preferably an XY-type polyamide 
from the group of PA610, PA612, PA613, PA1010, PA1012, 
PA1212. The molding particularly preferably comprises an 
XY-type polyamide from the group of PA1010, PA1012, or 
PA1212. 
An advantage of the inventive polymer poWder is that 

moldings produced therefrom via a layer-by-layer process in 
Which regions of the respective layer are selectively melted 
have better dimensional accuracy and better surface quality 
When compared With moldings composed of conventional 
polyamide poWders. 

The mechanical properties of moldings produced from the 
inventive poWder are good and similar to those of the mold 
ings produced from conventional poWder. The processability 
of the inventive poWder is also comparable With that of con 
ventional polyamide poWders. 

The inventive polymer poWder is described beloW, but 
there is no intention to restrict the invention to this descrip 
tion. 

The inventive polymer poWder for processing in a layer 
by-layer process in Which regions of the respective layer are 
selectively melted comprises at least XY polyamide. These 
are homopolymers having the general formula: 

ISO 1874-1 regulates the nomenclature of polyamides. In 
particular, appendix A describes the de?nition and naming of 
aliphatic linear polyamides. XY-type polyamides Whose use 
is in accordance With the invention are obtained from poly 
condensation of diamines With dicarboxylic acids. x is the 
number of carbon atoms in the diamine, and y is the number 
of carbon atoms in the dicarboxylic acid. The preferred poW 
der comprises both diamines and dicarboxylic acids of ali 
phatic (linear) type. Examples of monomer units used here 
are diamines of the folloWing group: butanediamine, hexam 
ethylenediamine, decanediamine, 1,12-diaminododecane. 
Examples of monomers for the dicarboxylic acids are adipic 
acid (hexanedioic acid, b:4), azeelaic acid (nonanedioic acid, 
b:7), sebacic acid (decanedioic acid, b:8), dodecanedioic 
acid (b:10), brassylic acid (b:11), tetradecanedioic acid 
(b:14) pentadecanedioic acid (b:15), octadecanedioic acid 
(b:1 8). 
By Way of example, inventive poWder is obtained via a 

process as in DE 29 06 647 B1 or via DE 197 08 146, but using 
an XY-type polyamide as starting material. The polyamide is 
dissolved in ethanol and is crystallized under certain condi 
tions. If appropriate, the material is subjected to precaution 
ary sieving and further classi?cation or loW-temperature mill 
ing. The person skilled in the art can readily establish the 
conditions via exploratory preliminary experiments. 

Surprisingly, it has been found that the advantageous prop 
er‘ties described in DE 197 47 309 for the polyamide poWder, 
namely high enthalpy of fusion, can be established much 
more advantageously if use is made of an XY-type polyamide 
instead of the X type. The difference consists in the possibility 
of formation of hydrogen bonds. By Way of example, in the 
case of a PA 66ian inventive XY-type polyamideithe car 
bon-amide groups of adj acent molecules are alWays opposite 
one another in such a Way as to permit every functional group 
to form a hydrogen bond Without deformation. In the case of 
PA 6, Which is an example of an X-type polyamide, this is 
only possible via deformation of the molecules, requiring 
additional energy. The result of this is that the melting peak 
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4 
for PA 66 (about 260° C.) is at a markedly higher level than for 
PA 6 (about 220° C.), as also is the enthalpy of fusion. 

Unlike in DE 197 47 309 A1, a high recrystallization tem 
perature is also advantageous, because ?rstly it does not 
restrict processing latitude4other factors having greater 
in?uenceiand secondly the result is material With markedly 
better recycling capability. If the recrystallization tempera 
ture is high, poWder Which has not been melted during a 
construction process can be reused in a more advantageous 
ratio With virgin material, Without adversely affecting surface 
properties. The inventive polymer poWder therefore has an 
enthalpy of fusion determined by means of DSC of at least 
125 J/ g and a recrystallization temperature of at least 1480 C., 
preferably an enthalpy of fusion of at least 130 J/g and a 
recrystallization temperature of at least 150° C., and particu 
larly preferably an enthalpy of fusion of at least 130 J/ g and a 
recrystallization temperature of at least 155° C. The various 
parameters Were determined by means of DSC (differential 
scanning calorimetry) to DIN 53765, or to AN-SAA 0663. 
The measurements Were made using a Perkin Elmer DSC 7 
With nitrogen as ?ushing gas and With a heating rate and 
cooling rate of 20 K/min. The range of measurement Was 
from —90 to +250° C. 
The solution viscosity to DIN 53727 of the inventive polya 

mide poWders in 0.5% strength m-cresol solution is prefer 
ably from 1.4 to 2.1, particularly preferably from 1.5 to 1.9, 
and very particularly preferably from 1.6 to 1.7. 
The inventive polymer poWder preferably comprises XY 

type polyamide poWderWith a median particle size of from 10 
to 250 um, preferably from 45 to 150 um and particularly 
preferably from 50 to 125 pm. 
The pellets used as starting material for processing to give 

inventive poWders are marketed, by Way of example, by 
Degussa, Marl, Germany (nylon-6,12, trade name Vestamid 
D series) or by EMS Chemie, Donat, Switzerland (Technyl D, 
nylon-6,10). 

Inventive polymer poWder may also comprise auxiliaries 
and/or ?ller and/or other organic or inorganic pigments. 
Examples of these auxiliaries may be poWder-?oW aids, e.g. 
precipitated and/or fumed silicas. Examples of precipitated 
silicas are marketed With the product name Aerosil With vari 
ous speci?cations by DegussaAG. Inventive polymer poWder 
preferably comprises less than 3% by Weight, preferably from 
0.001 to 2% by Weight, and very particularly preferably from 
0.05 to 1% by Weight, of these auxiliaries, based on the 
entirety of the polymers present. By Way of example, the 
?llers may be glass particles, metal particles, or ceramic 
particles, e.g. glass beads, steel shot, or granulated metal, or 
pigments of other materials, eg transition metal oxides. By 
Way of example, the pigments may be titanium dioxide par 
ticles based on rutile or anatase, or carbon black particles. 
The median particle size of the ?ller particles is preferably 

smaller than or approximately equal to that of the particles of 
the polyamides. The amount by Which the median particle 
size d5O of the ?llers exceeds the median particle size d5O of 
the polyamides is preferably not more than 20%, preferably 
not more than 1 5%, and very particularly preferably not more 
than 5%. A particular limitation on the particle size is the 
permissible overall height and, respectively, layer thickness 
in the rapid prototyping/ rapid manufacturing system. 

Inventive polymer poWder preferably comprises less than 
75% by Weight, preferably from 0.001 to 70% by Weight, 
particularly preferably from 0.05 to 50% by Weight, and very 
particularly preferably from 0.5 to 25% by Weight, of these 
?llers, based on the entirety of polyamides present. 

If the stated maximum limits for auxiliaries and/or ?llers 
are exceeded, depending on the ?ller or auxiliary used, the 
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result can be marked impairment of the mechanical properties 
of the moldings produced using these polymer poWders. 

It is also possible to mix conventional polymer poWders 
With inventive polymer poWders. This method can produce 
polymer poWders With a different combination of surface 
properties. The process for preparing these mixtures may be 
found in DE 34 41 708, for example. 

To improve melt ?oW during the production of the mold 
ings, use may be made of a How promoter, such as metal 
soaps, preferably the alkali metal or alkaline earth metal salts 
of the underlying alkanemonocarboxylic acids or dimer 
acids, added to the precipitated polyamide poWder. The metal 
soap particles may be incorporated into the polymerparticles, 
or else mixtures of ?ne metal soap particles and polymer 
particles may be used. 

The amounts used of the metal soaps are from 0.01 to 30% 
by Weight, preferably from 0.5 to 15% by Weight, based on 
the entirety of polyamides present in the poWder. Preferred 
metal soaps used Were the sodium or calcium salts of the 
underlying alkanemonocarboxylic acids or dimer acids. 
Examples of commercially available products are Licomont 
NaV 101 or Licomont CaV 102 from Clariant. 

To improve processability, or for further modi?cation of 
the polymer poWder, inorganic pigments composed of other 
materials, eg transition metal oxides, stabiliZers, e.g. phe 
nols, in particular sterically hindered phenols, ?oW promoters 
and poWder-?oW aids, e.g. fumed silicas, or else ?ller par 
ticles may be added. The amount of these substances added to 
the polymers, based on the total Weight of polymers in the 
polymer poWder, preferably complies With the stated concen 
trations for ?llers and/ or auxiliaries for the inventive polymer 
poWder. 

The present invention also provides a process for the pro 
duction of moldings via layer-by-layer processes in Which 
regions are selectively melted and in Which use is made of 
inventive polymer poWders Which comprise at least one XY 
type polyamide prepared via polycondensation of diamines 
and dicarboxylic acids, preferably an XY-type polyamide 
from the group of PA66, PA610, PA612, PA1010, PA1012, 
PA1212, PA613. The inventive moldings particularly prefer 
ably comprise an XY-type polyamide Which is PA1010, 
PA1012 or PA1212. XY-type polyamides Whose use is in 
accordance With the invention are obtained from polyconden 
sation of diamines With dicarboxylic acids. x is the number of 
carbon atoms in the diamine, and y is the number of carbon 
atoms in the dicarboxylic acid. The preferred poWder com 
prises both diamines and dicarboxylic acids of aliphatic (lin 
ear) type. Examples of monomer units used here are diamines 
of the folloWing group: butanediamine, hexamethylenedi 
amine, decanediamine, 1,12-diaminododecane. Examples of 
monomers for the dicarboxylic acids are adipic acid (hex 
anedioic acid, b:4), aZelaic acid (nonanedioic acid, b:7), 
sebacic acid (decanedioic acid, b:8), dodecanedioic acid 
(b:10), brassylic acid (b:11), tetradecanedioic acid (b:14), 
pentadecanedioic acid (b:15), octadecanedioic acid (b:18). 

The energy is introduced via electromagnetic radiation, 
and the selectivity is achieved, by Way of example, via masks, 
application of inhibitors, of absorbers, or of susceptors, or 
else via focusing of the radiation. Once all of the layers have 
been cooled, the inventive molding can be removed. 

The examples beloW of these processes serve for illustra 
tion, but there is no intention that the invention be restricted 
thereto. 

Laser sintering processes are Well-knoWn and are based on 
the selective sintering of polymer particles, layers of polymer 
particles being exposed brie?y to laser light, thus causing 
bonding betWeen the polymer particles exposed to the laser 
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light. Three-dimensional objects are produced by sequential 
sintering of layers of polymer particles. Details concerning 
the selective laser sintering process are found by Way of 
example in the speci?cations U.S. Pat. No. 6,136,948 and WO 
96/06881 . 

Other processes With good suitability are the SIB process 
described in WO 01/38061, or a process described in EP 1 015 
214. Both processes operate With full-surface infrared heating 
to melt the poWder. The selectivity of melting is achieved in 
the ?rst process via the application of an inhibitor, and in the 
second process via a mask. DE 103 11 438 describes another 
process. In this, the energy needed for the melting process is 
introduced via a microWave generator, and the selectivity is 
achieved via application of a susceptor. 
The inventive moldings produced via a layer-by-layer pro 

cess in Which regions are selectively melted comprise at least 
one XY-type polyamide prepared via polycondensation of 
diamines and dicarboxylic acids, preferably an XY-type 
polyamide from the group of PA66, PA610, PA612, PA613, 
PA1010, PA1012, PA1212. The inventive moldings particu 
larly preferably comprise an XY-type polyamide Which is 
PA1010, PA1012 or PA1212. XY-type polyamides Whose use 
is in accordance With the invention are obtained from poly 
condensation of diamines With dicarboxylic acids. x is the 
number of carbon atoms in the diamine, and y is the number 
of carbon atoms in the dicarboxylic acid. The preferred poW 
der comprises both diamines and dicarboxylic acids of ali 
phatic (linear) type. Examples of monomer units used here 
are diamines of the folloWing group: butanediamine, hexam 
ethylenediamine, decanediamine, 1,12-diaminododecane. 
Examples of monomers for the dicarboxylic acids are adipic 
acid (hexanedioic acid, b:4), aZelaic acid (nonanedioic acid, 
b:7), sebacic acid (decanedioic acid, b:8), dodecanedioic 
acid (b:10) brassylic acid (b:11), tetradecanedioic acid 
(b:14), pentadecanedioic acid (b:15), octadecanedioic acid 
(b:1 8). 
The moldings may also comprise ?llers and/ or auxiliaries, 

e.g. heat stabiliZers, e.g. sterically hindered phenol deriva 
tives. Examples of ?llers may be glass particles, ceramic 
particles, or else metal particles, e.g. iron shot, or appropriate 
holloW beads. The inventive moldings preferably comprise 
glass particles, very particularly preferably glass beads. 
Inventive moldings preferably comprise less than 3% by 
Weight, preferably from 0.001 to 2% by Weight, and very 
particularly preferably from 0.05 to 1% by Weight, of these 
auxiliaries, based on the entirety of polymers present. Inven 
tive moldings likeWise preferably comprise less than 75% by 
Weight, preferably from 0.001 to 70% by Weight, particularly 
preferably from 0.05 to 50% by Weight, and very particularly 
preferably from 0.5 to 25% by Weight, of these ?llers, based 
on the entirety of polymers present. 
The examples beloW are intended to describe the inventive 

polymer poWder and its use, Without restricting the invention 
to the examples. 
The laser scattering values measured Were obtained using a 

Malvem MastersiZer S, version 2.18. 

EXAMPLE 1 

Reprecipitation of Nylon-12 (PA 12) (N on-Inventive) 

400 kg of unregulated PA 12 prepared by hydrolytic poly 
meriZation and having a relative solution viscosity of 1 .62 and 
an end group content of 75 mmol/kg of COOH and 69 mmol/ 
kg of NH2 are heated to 1450 C. With 2500 l of ethanol 
denatured With 2-butanone and 1% Water content Within a 
period of 5 hours in a 3 m3 stirred tank (d:160 cm) and kept 
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at this temperature for one hour With stirring (blade stirrer, 
d:80 cm, rotation rate:49 rpm). The jacket temperature is 
then reduced to 124° C., and the internal temperature is 
brought to 125° C. using a cooling rate of 25 K/h With the 
same stirrer rotation rate, While ethanol is continuously 
removed by distillation. From noW on, using the same cooling 
rate, the jacket temperature is kept beloW the internal tem 
perature by from 2 to 3 K. The internal temperature is brought 
to 1 17° C., at the same cooling rate, and then kept constant for 
60 minutes. The internal temperature is then brought to 1 1 1° 
C., at a cooling rate of 40 K/h With further removal of material 
by distillation. At this temperature precipitation begins, 
detectable via heat generation. The distillation rate is 
increased to an extent that keeps the internal temperature at 
not above 111.3° C. After 25 minutes, the internal tempera 
ture falls, indicating the end of the precipitation process. The 
temperature of the suspension is brought to 45° C. via further 
removal of material by distillation and cooling by Way of the 
jacket, and then the suspension is transferred to a paddle 
dryer. The ethanol is distilled off from the mixture at 70° 
C./400 mbar, and the residue is then further dried for 3 hours 
at 20 mbar/86° C. 

This gives a precipitated PA 12 With a median grain diam 
eter of 55 pm. The bulk density Was 435 g/l. 
A poWder composed of PA 1012, PA1010, PA612, PA613 

is prepared by a method similar to the procedure set out in 
example 1, or according to DE 197 08 146. 

EXAMPLE 2 

Single-Stage Reprecipitation of PA 1010 (Inventive) 

As in example 1, 400 kg of a PA 1010 sample obtained via 
polycondensation of 1,10-decanediamine and sebacic acid 
and having the folloWing properties Were reprecipitated: 

11,851.84, [COOH]:62 mmol/kg, [NH2]:55 mmol/kg 
The precipitation conditions Were modi?ed in the folloW 

ing Way in comparison With example 1: 
Precipitation temperature: 120° C., precipitation time: 2 

hours, stirrer rotation rate: 90 rpm 
Bulk density: 417 g/l 
Screen analysis 
<32 um: 6.0% by Weight 
<45 um: 8.5% by Weight 
<63 um: 23.5% by Weight 
<100 um: 96.1% by Weight 
<160 um: 99.7% by Weight 
<200 um: 99.9% by Weight 
<250 um: 100.0% by Weight 

EXAMPLE 3 

Single-Stage Reprecipitation of PA 1012 (Inventive) 

As in example 1, 400 kg of a PA 1012 sample obtained via 
polycondensation of 1,10-decanediamine and dodecanedioic 
acid and having the folloWing properties Were reprecipitated: 

11,851.76, [COOH]:46 mmol/kg, [NH2]:65 mmol/kg 
The precipitation conditions Were modi?ed in the folloW 

ing Way in comparison With example 1: 
Solution temperature: 155° C., precipitation temperature: 

123° C., precipitation time: 40 minutes, stirrer rotation rate: 
1 10 rpm 
Bulk density: 510 g/l 
Screen analysis 
<32 um: 0.2% by Weight 
<100 um: 44.0% by Weight 
<250 um: 99.8% by Weight 
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EXAMPLE 4 

Single-Stage Reprecipitation of PA 1012 (Inventive) 

Example 3 is repeated With the folloWing changes: 
Precipitation temperature: 125° C., precipitation time: 60 

minutes 
Bulk density: 480 g/l 
Screen analysis 
<32 um: 0.1% by Weight 
<100 um: 72.8% by Weight 
<250 um: 99.7% by Weight 

EXAMPLE 5 

Single-Stage Reprecipitation of PA 1012 (Inventive) 

Example 4 is repeated With the folloWing changes: 
Precipitation temperature: 128° C., precipitation time: 90 

minutes 
Bulk density: 320 g/l 
Screen analysis 
<32 um: 0.5% by Weight 
<100 um: 98.5% by Weight 
<250 um: 99.6% by Weight 

EXAMPLE 6 

Single-Stage Reprecipitation of PA 1212 (Inventive) 

As in example 1, 400 kg of a PA 1212 sample obtained via 
polycondensation of 1,10-decanediamine and 1,12-dode 
canedioic acid and having the folloWing data Were reprecipi 
tated: 

11,951.80, [COOH]:3 mmol/kg, [NH2]:107 mmol/kg 
The precipitation conditions Were modi?ed in the folloW 

ing Way in comparison With example 1: 
Solution temperature: 155° C., precipitation temperature: 

117° C., precipitation time: 60 minutes, stirrer rotation rate: 
1 10 rpm 
Bulk density: 450 g/l 
Screen analysis 
<32 um: 0.5% by Weight 
<100 um: 54.0% by Weight 
<250 um: 99.7% by Weight 

EXAMPLE 7 

TWo-Stage Reprecipitation of PA1010 (Inventive) 

400 kg of unregulated PA 1010 sample obtained via poly 
condensation of 1,10-decanediamine and sebacic acidihav 
ing the folloWing properties: 11,951.84, [COOH]:62 mmol/ 
kg, [NH2]:55 mmol/kgiare heated to 155° C. With 25001 of 
ethanol denatured With 2-butanone and 1% Water content 
Within a period of 5 hours in a 3 m3 stirred tank (d:160 cm) 
and kept at this temperature for one hour With stirring (blade 
stirrer, d:80 cm, rotation rate:90 rpm). The jacket tempera 
ture is then reduced to 1 3 5° C., and the internal temperature is 
brought to 138° C. using a cooling rate of 25 K/h With the 
same stirrer rotation rate, While ethanol is continuously 
removed by distillation. From noW on, using the same cooling 
rate, the jacket temperature is kept beloW the internal tem 
perature by from 2 to 3 K. The internal temperature is brought 
to 128° C., at the same cooling rate, and then kept constant for 
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60 minutes. The internal temperature is then brought to 120° 
C., at a cooling rate of 40 K/h With further removal of material 
by distillation. At this temperature precipitation begins, 
detectable via heat generation. The distillation rate is 
increased to an extent that keeps the internal temperature at 
not above 121 .3° C. After 25 minutes, the internal tempera 
ture falls, indicating the end of the precipitation process. The 
internal temperature is kept at 120° C. for a further 35 min 
utes. The temperature of the suspension is brought to 75° C. 
via further removal of material by distillation and cooling by 
Way of the jacket, and then the suspension is transferred to a 
paddle dryer. The ethanol is distilled off from the mixture at 
70° C./400 mbar, and the residue is then further dried for 3 
hours at 20 mbar/86° C. 

Bulk density: 440 g/l 
Screen analysis 
<32 um: 4.2% by Weight 
<63 um: 28.6% by Weight 
<100 um: 86.1% by Weight 
<160 um: 99.7% by Weight 
<250 um: 100.0% by Weight 

EXAMPLE 8 

TWo-Stage Reprecipitation of PA 1012 (Inventive) 

As in example 7, 400 kg of a PA 1012 sample obtained via 
polycondensation of 1,10-decanediamine and dodecanedioic 
acid and having the folloWing properties Were reprecipitated: 

11,851.76, [COOH]:46 mmol/kg, [NH2]:65 mmol/kg (as 
in Example 3). 

The precipitation conditions Were modi?ed in the folloW 
ing Way in comparison With example 7: 

Solution temperature: 155° C., nucleation temperature: 
141° C., precipitation temperature: 123° C., precipitation 
time: 40 minutes, stirrer rotation rate: 110 rpm 

Bulk density: 530 g/l 
Screen analysis 
<32 um: 1.3% by Weight 
<100 um: 34.1% by Weight 
<250 um: 99.7% by Weight 

EXAMPLE 9 

TWo-Stage Reprecipitation of PA 1012 (Inventive) 

Example 7 is repeated With the folloWing changes: 
Nucleation time: 90 minutes 
Bulk density: 530 g/l 
Screen analysis 
<32 um: 0.8% by Weight 
<100 um: 32.2% by Weight 
<250 um: 99.8% by Weight 

EXAMPLE 10 

TWo-Stage Reprecipitation of PA 1012 

Example 7 is repeated With the folloWing changes: 
Nucleation time: 120 minutes 
Bulk density: 530 g/l 
Screen analysis 
<32 um: 0.3% by Weight 
<100 um: 28.4% by Weight 
<250 um: 99.8% by Weight 
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EXAMPLE 11 

TWo-Stage Reprecipitation of PA 1212 (Inventive) 

As in example 7, 400 kg of a PA 1212 sample obtained via 
polycondensation of 1,10-decanediamine and 1,12-dode 
canedioic acid and having the folloWing properties Were 
reprecipitated: 

11,871.80, [COOH]:3 mmol/kg, [NH2]:107 mmol/kg 
The precipitation conditions Were modi?ed in the folloW 

ing Way in comparison With example 1: 
Solution temperature: 155° C., nucleation temperature: 

123° C., nucleation time: 60 min, precipitation temperature: 
117° C., precipitation time: 60 minutes, stirrer rotation rate: 
1 10 rpm 
Bulk density: 480 g/l 
Screen analysis 
<32 um: 1.3% by Weight 
<100 um: 56.6% by Weight 
<250 um: 99.8% by Weight 

EXAMPLE 12 

TWo-Stage Reprecipitation of PA 613 (Inventive) 

Example 7 is repeated using a PA613 obtained via poly 
condensation of hexamethylenediamine and brassylic acidi 
solution viscosity 11,951.83, [COOH]:17 mmol/kg, [NH2]: 
95 mmol/kgiWith the folloWing changes: 

Solution temperature: 152° C., nucleation temperature: 
125° C., nucleation time: 45 minutes, precipitation tempera 
ture: 1 14° C., precipitation time: 120 minutes, stirrer rotation 
rate: 110 rpm 

Bulk density: 380 g/l 
BET:11.19 m2/g 
Laser scattering 
D10: 55 um 
D50: 78 um 
D90: 109 um 

EXAMPLE 13 

Single-Stage Reprecipitation of PA 613 (Inventive) 

Example 1 is repeated using a PA613 obtained via poly 
condensation of hexamethylenediamine and brassylic acidi 
solution viscosity 11,951.65, [COOH]:33 mmol/kg, [NH2]: 
130 mmol/kgiWith the folloWing changes: 

Solution temperature: 152° C., precipitation temperature: 
1 19° C., precipitation time: 150 minutes, stirrer rotation rate: 
1 10 rpm 
Bulk density: 426 g/l 
BET:7.63 m2/g 
Laser scattering 
D10: 50 um 
D50: 89 um 
D90: 132 um 

Recrystalli 
Enthalpy Zation 
of fusion temperature 

U/gl 1° C-] 

Non-inventive PA 12 from ex. 1 112 141 
(precipitative crystallization) 
Hydrolytically polymerized 71 141 
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-continued 

Recrystalli 
Enthalpy zation 
of fusion temperature 

[J/g] [0 0-1 

PA 12 (Vestalnid from Degussa) 
Non-inventive 
Hydrolytically polymerized 87 157 
PA 11 (Rilsan from ELF Atochem 
S.A.) 
Non-inventive 
PA1012 prepared according to DE 152 155 
29 06 647 B1 
Inventive 
PA613 prepared according to DE 130 172 
29 06 647 B1 Inventive 
PA1010 prepared according to DE 146 165 
29 06 647 B1 Inventive 
PA612 prepared according to DE 131 185 
29 06 647 B1 Inventive 

132 150 

The examples very clearly show that the inventive polya 
mide powder has markedly higher enthalpy of fusion and also 
higher recrystallization temperature than conventional poly 
mer powders. Components with higher surface quality can 
therefore be produced, because less powder adheres to the 
molten regions. The recycling capability of the inventive 
powder is therefore likewise improved in comparison with 
conventional polyamide powders. 

What is claimed is: 
1. A process for the production of moldings via a layer-by 

layer process in which regions of respective polymer pulveru 
lent layers are selectively melted via introduction of electro 
magnetic energy, 

which comprises 
using a powder which comprises at least one homopolya 
mide prepared via polycondensation of diamines and 
dicarboxylic acids, wherein the homopolyamide has an 
enthalpy of fusion of at least 125 J/g and a recrystalliza 
tion temperature of at least 1480 C. 

2. The process as claimed in claim 1, 
wherein the homopolyamide, prepared via polycondensa 

tion of diamines and dicarboxylic acids, has an enthalpy 
of fusion of at least 130 J/ g and a recrystallization tem 
perature of at least 1500 C. 

3. The process as claimed in claim 1, 
wherein the homopolyamide, prepared via polycondensa 

tion of diamines and dicarboxylic acids, has an enthalpy 
of fusion of at least 130 J/ g and with a recrystallization 
temperature of at least 155° C. 

4. The process as claimed in claim 1, 
wherein, 
during the process, regions of the pulverulent layer are 

selectively melted via introduction of electromagnetic 
energy, this selectivity being achieved via the applica 
tion of susceptors, of inhibitors, or of absorbers, or via 
masks. 

5. The process as claimed in claim 1, 
wherein, 
during the process, regions of the pulverulent layer are 

selectively melted via introduction of electromagnetic 
energy, this selectivity being achieved via the focusing 
ofa laser beam. 

6. The process as claimed in claim 1, 
wherein at least one homopolyamide is prepared via poly 

condensation of a diamine selected from the group con 
sisting of butanediamine, hexamethylenediamine, 
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12 
decane-diamine, and 1,12-diaminododecane, and of a 
dicarboxylic acid selected from the group consisting of 
adipic acid, azelaic acid, sebacic acid, dodecanedioic 
acid, brassylic acid, tetradecanedioic acid, pentade 
canedioic acid, and octadecanedioic acid. 

7. The process as claimed in claim 1, 
which 
comprises at least one homopolyamide prepared via poly 

condensation of decanediamine and sebacic acid 

(PAl 0 1 0). 
8. The process as claimed in claim 1, 
wherein at least one homopolyamide is prepared via poly 

condensation of decanediamine and dodecanedioic acid. 
9. The process as claimed in claim 1, 
which 
comprises at least one homopolyamide prepared via poly 

condensation of hexamethylenediamine and dode 
canedioic acid (PA612). 

10. The process as claimed in claim 1, 
which 
comprises at least one homopolyamide prepared via poly 

condensation of hexamethylenediamine and sebacic 
acid (PA610). 

11. The process as claimed in claim 1, 
which 
comprises at least one homopolyamide prepared via poly 

condensation of 1,12-diaminododecane and dode 
canedioic acid (PA1212). 

12. The process as claimed in claim 1, 
which 
comprises at least one homopolyamide prepared via poly 

condensation of hexamethylenediamine and brassylic 
acid (PA613). 

13. The process as claimed in claim 1, 
wherein 
the polyamide powder has been obtained via precipitative 

crystallization. 
14. The process as claimed in claim 1, 
wherein 
the polyamide powder has an enthalpy of fusion of at least 

130 J/ g. 
15. The process as claimed in claim 1, 
wherein 
the polyamide powder has an enthalpy of fusion of at least 

135 J/g. 
16. The process as claimed in claim 1, 
wherein 
the polyamide powder has an enthalpy of fusion of at least 

140 J/ g. 
17. The process as claimed in claim 1, 
wherein 
the polyamide powder has a recrystallization temperature 

of at least 150° C. 
18. The process as claimed in claim 1, 
wherein 
the polyamide powder has a recrystallization temperature 

ofat least 155° C. 
19. The process as claimed in claim 1, 
wherein 
the polyamide powder has a solution viscosity of from 1.4 

to 2.1. 
20. The process as claimed in claim 1, 
wherein 
the polyamide powder has a solution viscosity of from 1.5 

to 1.9. 
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21. The process as claimed in claim 1, 25. The process as claimed in claim 1, Wherein one or more 
Wherein auxiliaries and/ or one or more ?llers are used. 

the polyamide poWder has a solution Viscosity of from 1.6 26- The process as Claimed in claim 1, further comprising 
to 1.7. precipitated and/or fumed silica. 

22, The process as C1aimedin Claim 1, 5 27. The process as claimed in claim 1, further comprising 
wherein glass particles. 
the polyamide poWder has a median particle siZe of from 10 28' The Process as Clalmed 1n Clalm 1: Whereln further 

to 250 um. Compnslng 
metal soaps. 23. Th 1 ' d ' l ' 1 

e process as C alme m C alm ’ 10 29. The process as claimed in claim 1, Wherein 
Wherein . d/ . . . t d 

the polyamide poWder has a median particle siZe of from 45 Orgamc an or morga‘?” plgmen .5 are use ' . 
30. The process as cla1med1n claim 1, wherein 

to 150 um. - 
24 Th 1 . d . 1 . 1 carbon black is used. 
H ,6 process as C alme In C alm ’ 31. The process as claimed in claim 1, Wherein 

W ere1n 
_ _ _ _ 15 titanium dioxide is used. 

the polyamide poWder has a median particle size of from 50 
tOl25|J.m. * * * * * 


